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Using RT-PCR analysis of Epstein-Barr virus
(EBV) latent gene transcription in EBV-harbor-
ing cell lines (fY and RAJI) and in post-trans-
plantation lymphoproliferative disorders (PT-
LPDs), we detected transcription of aU tested
latent genes (EBNAI, EBNA2, LMPI, LMP2A, and
BARFO) in aUl cases, suggesting the presence of
similarEBVexpressionpatterns in both PT-LPDs
and ceUl lines. In addition, the detection ofimme-
diate early (ZEBRA) and early gene (BHRFI)
transcripts in cell lines and PT-LPDs indicates
that activation of the virus lytic cycle occurs.
To investigate EBV expression patterns at the
single-ceU level, a combination of immunohisto-
chemistry andRNA in situ hybridization (includ-
ing double-staining procedures) was used. In the
JY and RAJI ceU lines, the latency type 3 expres-
sionpattern was detected in 80 to 90% ofthe ceUs
as shown by the co-expression of EBNA2 and
LMPI. In contrast, in the three PT-LPDs that
could be analyzed by double staining, ceUs
expressing both EBNA2 and LMPI were rarely
detected A mixture of at least three different
ceU populations were identified. (1) ceUs exclu-
sively expressing EBERJ/2 and EBNAI (latency
type 1); (2) ceUs expressing EBERI/2, EBNAI,

and LMPI (latency type 2); and (3) ceUs express-
ing EBER1/2, EBNAI, and EBNA2 in the absence
of LMPI. Activation of the lytic cycle was ob-
served in a smaU minority of ceUs, as demon-
strated by detection of ZEBRA and EA-D in aU
cases and GP350/220 in two cases. Thus, in con-

trast to EBV-transformed ceU lines, the observed
EBV gene expression pattern in PT-LPDs re-

flects a mixture ofmultiple EBV-harboring sub-
populations expressing different subsets of
EBV-encodedproteins. These data indicate that
the operational definitions ofEBV latencies in
vitro cannot easily be applied to PT-LPDs but
that a continuum of different latency expres-
sion patterns can be detected at the single cell
level in these lymphomas with, in a smaU minor-
ity of ceUs, progression to the virus lytic cycle.
(AmJ Pathol 1995, 147:923-933)

Diffuse B-cell lymphoproliferations are a well known,
often fatal complication in patients with a severe
immunodeficiency. These lymphomas are frequently
associated with the Epstein-Barr virus (EBV).1 In ac-
quired immune deficiency syndrome (AIDS)-related
Burkitt's lymphoma, EBV is detected in approxi-
mately 35% of cases (comparable to the situation in
nonimmunocompromised patients in nonendemic
areas), whereas in AIDS-related immunoblastic poly-
morphous large cell B-cell lymphomas with plasma-
cytoid differentiation, the virus is detected in nearly
all cases.23 Post-transplantation lymphoproliferative
disorders (PT-LPDs) are nearly always associated
with EBV 4-7 Usually, these PT-LPDs are rapidly de-
veloping tumors of monoclonal composition.6'7 The
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presence of EBV in morphologically malignant cells
was demonstrated by a RNA in situ hybridization
assay (RISH) using the abundantly transcribed non-
coding EBER1/2 RNAs.2'8
In vitro studies have identified several EBV-encoded
proteins that might be responsible for the pathogenic
effect of EBV. Of the latent proteins, EBNA2 and
LMP1 are essential for the transforming potential of
EBV,9'10 whereas expression of other EBV-encoded
proteins might give a growth advantage because of
their functional homology to human proteins (BCRF1,
homologous to interleukin-1011 and BHRF1, homol-
ogous to bcl-212). To determine the possible role of
these proteins in the development of lymphomas,
several groups have investigated EBV latent gene
expression in vitro and in vivo.

With nonmorphological methods, EBV latent gene
expression was primarily investigated in certain EBV-
positive cell lines.13 Three types of latency could be
identified. In Burkitt's lymphoma-derived cell lines,
expression is detected of one EBV nuclear antigen
(EBNA1), two abundant noncoding RNAs (EBER1
and EBER2),14'15 and certain rightward reading tran-
scripts derived from the EBV BamHl A fragment
(BARFO15; latency type 1). In EBV-transformed lym-
phoblastoid cell lines as well as in some cultured
EBV-harboring Burkitt cell lines like RAJI, expression
was detected of at least all six EBV nuclear antigens
(EBNA1, EBNA2, EBNA3A, -B and -C, and EBNA4),
the three latent membrane proteins (LMP1, LMP2A,
and 2B), EBER1/2, and BARFO16'17 (latency type 3).
This latency type 3 pattern was also detected in
B-cell lymphomas arising in immunocompromised
patients.4518 20 In latency type 2, frequently de-
tected in EBV-associated malignancies (nasopha-
ryngeal carcinoma,21 Hodgkin's disease,22 and cer-
tain T-cell lymphomas23), expression is restricted to
EBNA1, EBER1/2, BARFO, LMP1, and LMP2A and/or
LMP2B. This latency type 2 pattern could be tran-
siently detected in a Burkitt's lymphoma-derived cell
line, normally expressing the latency type 1 pattern,
when stimulated to enter the lytic cycle.24 Thus, in-
dividual cells can drift from one latency pattern to
another.
The different EBV expression patterns are associ-

ated with different promoter uses. In latency type 3,
all six EBNAs can be expressed from highly spliced
transcripts that are generated by one of two promot-
ers located on the BamHl fragments C and W lo-
cated near the lefthand end of the genome and
referred to as C or W promoter.9 In latency types 1
and 2, selective expression of EBNA1 without ex-
pression of the other EBNAs is a result of activation

of a separate EBNA1 promoter located on the BamHl
F fragment, referred to as F promoter.21 22'25'26
As nonmorphological methods like Western

blotting revealed the expression of all known EBV
latent genes in PT-LPDs,18 similar to the EBV latent
gene expression observed in lymphoblastoid cell
lines, these lymphomas are thought to represent the
in vivo counterpart of lymphoblastoid cell lines. More-
over, expression of this latency type 3 expression
pattern was confirmed by the detection of both
EBNA2 and LMP1 in tissue sections of B-cell lym-
phomas arising in immunocompromised pa-
tients.2'4,','1 ,20

The aim of the present study was to investigate
whether, in EBV-associated PT-LPDs, all EBV-
harboring cells show the same EBV expression pat-
tern or whether heterogeneous EBV expression pat-
terns are present at the single-cell level. The results
showed that in EBV-positive cell lines latency type 3
was found at the single-cell level in nearly all cells,
intermingled with sporadic LMP1-negative, ZEBRA-
positive cells, whereas in EBV-associated PT-LPDs a
heterogeneous EBV expression pattern was ob-
served with a mixture of cells expressing either la-
tency type 1 (EBER1/2 and EBNA1) or latency type 2
(EBER1/2, EBNA1, and LMP1) or cells expressing
lytic genes, whereas cells expressing latency type 3
(as shown by co-expression of EBER1/2, EBNA1,
EBNA2, and LMP1) were rarely found.

Materials and Methods

Materials

PT-LPDs

Characteristics are summarized in Table 1. Lym-
phoma samples were derived from biopsy (cases 1
and 2) or autopsy specimens (cases 3, 4, and 5) of
patients, all children, who were subjected to an allo-
geneic bone marrow transplantation after having
been treated for acute lymphocytic leukaemia in
three cases and for chronic myeloid leukaemia in
one case (see Table 1). The fifth patient received a
bone marrow transplant to treat a combined immu-
nodeficiency and thrombocytopenia in the Wiskott-
Aldrich syndrome (case 4). These patients subse-
quently developed a diffuse B-cell lymphoma within
2 to 12 months. In all cases except case 2, localiza-
tions of the lymphoma were found in nodal as well as
in extranodal tissues.
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Table 1. Patient Material

Indications for
Age/ bone marrow

Case sex transplantation Histology

1 (12253) 8/M CML

2 (839) 10/F ALL

3 (302) 15/F ALL

4 (91-1)

5 (165)

4/M Wiscott-Aldrich
syndrome

9/F ALL

Polymorphous
Large cell
Polymorphous
Large cell
Polymorphous
Large cell
Polymorphous
Large cell
Polymorphous
Large cell

Growth
pattern Nodal

Diffuse Neck

Diffuse Neck

Diffuse

Diffuse

Generalized

Generalized

Diffuse Generalized

Sites

Extranodal

Tonsil, lung

None

Generalized, except
bone marrow

Generalized

Liver, stomach,
bone marrow

CD30-
positive
cells* Clonality

10% Polyclonal

20% Monoclonalt

30% Monoclonal

10% Monoclonal

30% Oligoclonal

ALL, acute lymphocytic leukemia; CML, chronic myeloid leukemia.
*The number of CD30-positive cells was estimated on frozen tissue sections.
tClonality was determined by Southern blot analysis.

Cell Lines

Cell lines included in this study were the EBV-trans-
formed lymphoblastoid cell line JY, the EBV-positive
Burkitt's lymphoma-derived cell line RAJI, and the
HH514C16 cell line, which harbors the P3HR1 EBV
strain. This strain lacks the EBNA2 open reading
frame and the last common EBNA-specific exon,
because of a deletion spanning the BamHl Y and
part of the BamHl H fragment9 (see Figure 1). This
cell line served as a negative control for EBNA2
analysis by immunohistochemistry and for reverse
transcription polymerase chain reaction (RT-PCR)
analysis of EBNA2, Y3/U/K-spliced EBNA1, and Y2/
HF-spliced BHRF1 transcripts. The EBV-negative
Burkitt's lymphoma-derived cell line BJAB was used
in all experiments as a source of EBV-negative con-
trol material.

Methods

Preparation of Clinical Samples and Cell Lines

For RT-PCR and immunohistochemistry, 40 5-,im
sections were cut from snap-frozen material. In case
1, the amount and quality of the frozen tissue avail-
able was limited. In this case, sections were cut for
RT-PCR analysis and for hematoxylin and eosin
(H&E) staining. To obtain suitable RNA, 10 sections
were homogenized with micropestles (Eppendorf, E.
Merck Nederland BV, Amsterdam, The Netherlands)
in a RNAzol B buffer according to the manufacturer's
protocol (Cinna/Biotecx, Houston, TX). For the cell
lines, approximately 5 x 106 cells were pelleted and
RNA was isolated by using the same RNAzol B pro-

tocol. RNA was stored in 100% ethanol at -800C
until further processing. The remaining 30 sections
were mounted on poly-L-lysine-coated slides, fixed,
and used for immunohistochemistry and H&E stain-

ing. To confirm that the sections used for RT-PCR
contained lymphoma, the first and the last section of
the frozen material used for RT-PCR were H&E
stained and examined by light microscopy.

RT-PCR Analysis

RT-PCR analysis was performed with intron-flanking
primers. Differentially spliced transcripts were iden-
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Figure 1. Schematic presentation of the EBV genome, presenting the
different tlested BHRFJ, EBNAI, and EBNA2 transcripts. The shaded
arrows represent the exons containing the different openi reading
frames. The C or W, F, and "lytic BHRFI promoter are represented by
the black arrows. The intron-flanking primers usedfor amplification
by RT-PCR and the internal oligomers used asprobe are represented by
black triangles in relation to the specific exons. The direction of the
tiangles correlates with sense or antisense orientation ofthe oligomer.
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Table 2. Sequences of PCR Primers and Oligo Probes

Transcript Oligo*

EBNA1 Y3t(s)
0(s)
K(as)
U(probe, s)

EBNA2 Y2t(s)
H1(as)

BHRF1 H2(s)
H3(as)
probe(as)

LMP1 1 (s)
2(as)

3(probe, as)
LMP2A Al (s)

AB2(as)
probe(as)

BARFO A3(s)
A4(as)
probe(s)

ZEBRA Zi (s)
Z2(as)
probe(as)

Sequence (5'-3')

TGGCGTGTGACGTGGTGTAA
GTGCGCTACCGGATGGCG
CATTTCCAGGTCCTGTACCT
AGAGAGTAGTCTCAGGGCAT
TACGCATTAGAGACCACTTTGAGCC
AAGCGCGGGTGCTTAGAAGG
GTCAAGGTTTCGTCTGTGTG
TTCTCTTGCTGCTAGCTCCA
ATGCACACGACTGTCCCGTATACAC
TGTACATCGTTATGAGTGAC
ATACCTAAGA/CAAGTAAGCA

ACAATGCCTGTCCGTGCAAA
ATGACTCATCTCAACACATA
CATGTTAGGCAAATTGCAAA
ATCCAGTATGCCTGCCTGTA
AGAGACCAGGCTGCTAAACA
AACCAGCTTTCCTTTCCGAG
AAGACGTTGGAGGCACGCTG
CGCACACGGAAACCACAACAGC
CGGCGGATAATGGAGTCAACATCC
GCTTGGGCACATCTGCTTCAACAGG

B95.8 genomic
coordinates

48397-48416
62440-62457
107986-107967
67544-67563
47897-47921
48478-48459
53830-53849
54480-54461
54435-54411
169356-169337
168956-168965/
169042-169052

169081 -169100
166874-166893
380-361
81-62
157154-157173
159194-159175
157359-157378
102684-102663
102250-102273
102300-102276

Amplimer length

Y3/U/K spliced, 265 bp
Q/U/K spliced, 236 bp

195 bp

H2/HF spliced, 211 bp
Y2/HF spliced, 248 bp

240 bp

280 bp

240 bp

227 bp

*The sense (s) or antisense (as) orientation is indicated in brackets.
tThe Y3 primer was also used as a probe for detection of EBNA2 transcripts.
tThe Y2 primer was also used in combination with the H3 primer to detect Y2/HF-spliced

tified by specific primer combinations and subse-
quent hybridization with internal oligo probes. The
primer sequences and oligo probes used for analy-
sis of EBNA1, LMP1, BARFO, and H2/HF-spliced
BHRF1 transcripts have been published else-
where.21'22' For analysis of EBNA2, ZEBRA, and
Y2/HF-spliced BHRF1 transcripts,28 primers were

designated by using the PCR plan software (PCgene
release 6.7, IntelliGenetics, Mountain View, CA).
Primers and probes are listed in Table 2. For reverse

transcriptase reactions, an amount of RNA was

used, equivalent of one 5-,um section or of 1 x 105
cells for biopsies and cell lines, respectively. After
centrifugation, pellets were resuspended in 5 ,l of
distilled water. Reverse transcriptase reactions were

performed in a final volume of 20 gl containing 25
pmol of one to four of each EBV antisense primer
specific for the different genes. The conditions used
for RT-PCR analysis and Southern blot hybridization
were described previously.29 To exclude false posi-
tive signals caused by DNA amplification, simulta-
neous reactions were performed with omission of the
reverse transcriptase.

Immunohistochemistry

CD30 expression was demonstrated with the BerH2
antibody (DAKO, Copenhagen, Denmark). To detect
EBV-specific proteins, monoclonal antibodies
against LMP1 (CS1-4, DAKO and S12, Organon

BHRF1 transcripts.

Teknika, Oss, The Netherlands30), EBNA2 (pE2,
DAKO), Early-D (DuPont, Wilmington, DE), ZEBRA
(DAKO), and GP350/220 (Organon Teknika) were
used. The antibodies were visualized with an avidin-
biotin-horseradish peroxidase complex and diami-
nobenzidine/H202 staining method, as previously
described by us.30
EBNA1 expression was detected in paraffin-

embedded tissues with a mixture of two recently gen-
erated anti-EBNA1-specific rat monoclonal antibodies,
11H4-1 and 2B4-1.31 To increase sensitivity, a few
adjustments were made. Before incubation with the
anti-EBNA1 antibody, tissues were boiled for 15 min-
utes in a citrate buffer (0.1 mol/L, pH 6.0). Incubation
with the antibodies was done overnight at room tem-
perature with a 1:50 diluted antibody (final concentra-
tion, 44 jig/ml). Detection of the antibodies was per-
formed with a biotinylated goat anti-rat antibody,
followed by incubation with an avidin-biotin-horserad-
ish peroxidase complex. The peroxidase was visual-
ized by incubation for 3 minutes in 0.2 mg/ml diamino-
benzidine, 0.002% H202, and 0.07% NiCI2 in 50
mmol/L Tris-HCI, pH 7.6, followed by silver enhance-
ment of the diaminobenzidine-nickel precipitate as de-
scribed previously.12

Combination RISH and Immunohistochemistry

After performing the EBER1/2 RISH assay,32 remain-
ing peroxidase activity was inactivated with 0.3%
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Table 3. Analvsis of EBV Gene Expression in PT-LPDs and Cell Lines

Percentage of cells positive at protein level by
immunohistochemistry*

EBNA1 EBNA2 LMP1 ZEBRA EA-D GP350/220

ND
10
10
10
20

5
20
20
<5
20

>90 80-90
>90 80-90

0 <5
0 0

ND
<5
<5
<5
10

<5
0

<5
0

ND
<5
<5
<5
<5

<5
0

<5
0

ND
0

0

10
10

<5
0

0

0

At mRNA level by RT-PCRt

EBNA1 BHRF1

C/Wp Fp C/Wp Hp

_+

+ +

+
+

+ + + +

+ + +

+

*For EBNA1, the number of positive cells was estimated on paraffin-embedded tissue sections. For EBNA2, LMP1, ZEBRA, EA-D, and
GP350/220, the number of positive cells was estimated on frozen tissue sections, except in case 1, in which the number of positive cells
was estimated on paraffin-embedded tissue sections. ND, not done.

tResults for EBNA2, LMP1, LMP2A, ZEBRA, and BARFO are not indicated. All post-transplant lymphomas and EBV-positive cell lines
were positive for all tested transcripts, except EBNA2, which was not detected in the HH514C16 cell line.

H202/methanol and fixed with 4% paraformaldehyde
for 10 minutes, followed by the above described
immunohistochemical detection method.

RT-PCR analysis of BHRF1 and EBNAl

Double-Staining Procedure with EBV-Specific
Antibodies

Two different strategies were used. The anti-
EBNA2 and anti-ZEBRA antibodies are both of the
IgG1 class, whereas the anti-LMP1 antibody S12 is
an IgG2a class antibody, allowing simultaneous
incubation with both EBNA2 and LMP1 or ZEBRA
and LMP1. The second incubation was performed
with a mixture of anti-IgGl-alkaline phosphatase
and anti-lgG2a-horseradish peroxidase or anti-
lgG 1-horseradish peroxidase and anti-IgG2a-al-
kaline phosphatase (Southern Biotechnology As-
sociates, Birmingham, AL). The antibodies were

visualized first by the diaminobenzidine/H202
method and second by adding fast blue.
As both EBNA2 and ZEBRA are IgGl mouse an-

tibodies, a different method had to be used. Slides
were incubated first with EBNA2, followed by anti-
IgGl-AP and visualized with naphthol AS-MX phos-
phate/fast blue BB/0.2 mol/L Tris-HCI, pH 8.5 (Sigma
Chemical Co., St. Louis, MO). Endogenous alkaline
phosphatase activity was first blocked by adding 1
mmol/L levamisol (Sigma) to the reaction mixture.
Subsequently, slides were incubated with anti-
ZEBRA, followed by a biotin-labeled anti-IgGl anti-
body. After incubation with streptavidin-horseradish
peroxidase, antibodies were visualized with amin-
oethylcarbazole (Sigma). An identical procedure
was performed vice versa, with first anti-ZEBRA and
secondly anti-EBNA2. Apart from the EBV-negative

Lymphornas cell lines

We S S x +, aRb~~~~~~tS

248bp-

650bp-

211bp-

265bp-

236bp-

BHRF1

EBNAI

Figure 2. RT-PCR analvsis ofBHRFI- and EBNA I-specific transcripts
Results are shown oJ Southern blot analysis with internal oligonucle-
otide probes for BHRFJ-spcecific transcripts (panels 1 anid 2) and
EBNA1-pecific transcripts (panels 3 and 4). Amnplification of Y21HF-
spliced IlHRFI transcripts generates a 248-bpfragnient (panel 1 ) an1d
a 211-bp fragment is detected u'hen H21HF-spliced transcripts are

present (panel 2). The 650b-p ban?d detected in some cases uith the
H2 H3 prinier set is probably a result of'co-amnplification ofDNA. as

identical bands are detected uhen the reverse transcriptase is omitted
(Y- lane). Amplification of YK31VK-spliced EBNA 1 generates a 265-hp
fragment (panel 3) and a 236-bpfragmnent is detected when QtIIEK-
spliced EBNAI transcripts are present (panel 4). As control/br spec ffic
RNA anmplification. in evereypanelfYR11VA was analyzed by PCR while
no reei'rse transcriptase was included (/-lane).

Lymphomas
1
2
3
4
5

Cell lines
JY
RAJI
HH514C16
BJAB

ND
<5
>90
>90
50

100
100
100

0
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Table 4. Percentages of Cells in PT-LPDs ancd Cell Lines Displaying the Different EBV Expression Patterns

EBV genes expressed

EBER1/2, EBNA1
EBER1/2, EBNA1, LMP1
EBER1/2, EBNA1, EBNA2 and LMP1
EBER1/2, EBNA1, EBNA2 and ZEBRA2
EBER1/2, EBNA1, EBNA2

PT-LPDs,*
mean (range)

60 (5-90)
10(5-20)

<1
<5

5(5-15)

JY RAJI HH514C16

<10
0

80-90
<5
<10

<10
0

80-90
0

<10

>90
<5
0

0

0

EBV expression
pattern resembling

Latency 1
Latency 2
Latency 3
Lytic

*Given are the means of percentages of positive cells in three PT-LPDs (cases 2, 3, and 5). The means do not add up to 100% because
EBNA1 staining was not observed in 100% of EBER1/2-positive cells in all cases.

cell line BJAB, negative controls consisted of simul-
taneous processed slides with omission of the first
and second specific antibody, respectively. Semi-
quantative estimation of positive staining cells was

scored as follows: less than 5%, 10%, 20%, 30%,
and so forth.

Results

Cell Lines

Analysis of EBV Expression at mRNA Level

Results are summarized in Table 3. In the JY, RAJI, and
HH514C16 cell lines, strong RT-PCR signals were de-
tected analyzing BARFO, LMP1, LMP2A, and ZEBRA
transcription. In both the JY and RAJI cell lines, strong
bands were detected at the gel level by ethidium bro-
mide staining after amplification for Y3/U/K-spliced
EBNA1, EBNA2, and Y2/HF-spliced BHRF1. Probably
these transcripts are generated by the C and/or W
promoter.9 As expected, no EBNA2, Y3/U/K-spliced
EBNA1 or Y2/HF-spliced BHRF1-specific signals were

detected in the HH514C16 cell line, as this cell line
lacks the EBNA2 open reading frame and the Y2 and
Y3 exons (see Figure 1). Analysis of Q/U/K-spliced
EBNA1, generated by the F promoter and H2/HF-
spliced BHRF1-specific transcripts revealed a strong
signal only in the JY cell line, whereas faint bands were

detected in the RAJI and HH514C16 cell lines. These
H2/HF-spliced BHRF1 transcripts are generated by a

unique promoter (referred to as the H promoter), known
to be activated during the EBV lytic cycle.27 In the
BJAB cell line, no bands were observed with EBV-
transcript-specific primers. The hybridization results

obtained for BHRF1 and EBNA1 analysis are shown in
Figure 2.

Analysis of EBV Expression at the Protein Level

Results are summarized in Tables 3 and 4. In both
the JY and RAJI cell lines, co-expression of EBNA1,
EBNA2, and LMP1 was observed in the large major-
ity (80 to 90%) of cells (Figure 3A). In the JY cell line,
expression of the lytic proteins ZEBRA, EA-D, and
GP350/220 was observed in less than 5% of the
cells. Double-staining procedures demonstrated that
ZEBRA-positive cells were never LMP1 positive (Fig-
ure 3B) but frequently, if not always, EBNA2 positive
(data not shown). Although with RT-PCR a faint
ZEBRA-positive band was observed, no expression
of ZEBRA, EA-D, or GP350/220 was detected by
immunohistochemistry in the RAJI cell line. In the
HH514C16 cell line, all cells were shown to express

EBNA1. As expected, EBNA2 was never detected in
the HH514C16 cell line, because of the deletion
spanning the EBNA2 open reading frame (Figure 1).
Expression of ZEBRA, EA-D, and LMP1 was re-

stricted to less than 5% of the cells. Expression of
GP350/220 was not found. The BJAB cell line re-

mained negative for all EBV-specific antibodies
tested.

PT-LPDs

Histology

Tumor characteristics are summarized in Table 1. All
five PT-LPDs consisted of a diffuse polymorphous

Figure 3. /Y cell line. A: Double stainingforEBNA2 and LMP1 (512). Blue nuclear staining indicates expression ofEBNA2. Brou'n staininig indicates
L1IP1 expression. Double-positive staining is detected in 80 to 90% of the cells. Original magnification, x 600. B: Double stainini<g f/or ZEBRA atnd
LMP1 (5S12). Bluie nuclear staining indicates expression o/fZEBRA. Brown stainiing indicates LMPI expression. Double-positive cells are ntot observed.
Original mqgnification, X 600.
Figure 4. PT-LPD case 5; EBNA2/LMP1 (512) double staining. Cells positivefor both FBNA2 ( brown nuiclear staining) and LMP1 (blu(e cytoplasmic
staining) are niot observed. Original magnification, X 600.
Figure 5. a) PT-LPD case 2. A: CDI30-positive staining is observed in large ancaplastic cells. Original inagnV,fication, X600. B: In simnilar cells,
expression ofLMPI u'as detected. Hematoxylin counterstaining; original magniification, X 600.
Figure 6. PT-LPD case 5, EBNA21ZEBRA double staining. Brown staining indicates EBNA2 expression. Bluie staininig indicates ZETBRA expressioni.
Some of the EBNA2-positive cells also express ZEBRA (arrowheads). Original magnification, X 400.
Figure 7. PT-LPD case 3. A difijse positive staining for EBNA 1 is detected. Hematoxylin counterstainiitng; original magnification, X 600.
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population of centroblast- and immunoblast-like
cells, and smaller plasmacytoid cells with a variable
number of CD30-positive anaplastic cells (see Fig-
ure 5A). These PT-LPDs are difficult to classify ac-

cording to the Kiel classification (and the Working
Formulation) because of their marked polymorphism,
which is usually not seen in B-cell lymphomas arising
in immunocompetent patients.33 Three of the five
PT-LPDs were monoclonal proliferations as proven

by immunohistochemical detection of a restricted
immunoglobulin light chain expression in two cases

and by Southern blot analysis in the third case. With
the EBER1/2 RISH assay, all cases stained positive
in at least 70% of small and large cells, indicating the
ubiquitous presence of EBV in PT-LPDs.

Analysis of EBV Expression at the mRNA Level

RT-PCR analysis revealed transcription of EBNA2,
LMP1, LMP2A, BARFO, and ZEBRA in all cases.

Moreover, dual promoter usage was detected by
analyzing EBNA1 and BHRF1 transcription (Table 3).
In all tested cases, Y3/U/K-spliced EBNA1 as well as

Y2/HF-spliced BHRF1-specific transcripts were de-
tected, suggesting that both genes were transcribed
by the C or W promoter. In four cases, Q/U/K-spliced
EBNA1, generated by the F promoter, and in three
cases, H2/HF-spliced BHRF1-specific transcripts,
generated by the H promoter, were also found. Thus,
by RT-PCR analysis, transcription of all investigated
latent as well as immediate early and early genes

was detected.

Analysis of EBV Expression at the Protein Level

By immunohistochemistry, EBNA1, EBNA2, ZEBRA,
EA-D, and LMP1 staining was found in all tested
cases. GP350/220 expression was detected in only
two of four tested cases (Table 3).

In two cases, diffuse positive staining for EBNA1
was found, comparable to the EBER1/2 staining pat-
tern (Table 3; cases 3 and 4, Figure 7). In one case,

focal expression of EBNA1 was detected in approx-

imately 50% of EBER1/2-positive cells (Table 3; case
5). In the fourth case tested, only scattered EBNA1-
positive cells were observed (Table 3, case 2). In all
tested cases, the number of EBNA2-positive cells
was found to be between 10 and 20% of the neo-

plastic cells. Expression of ZEBRA was usually re-

stricted to less than 5% of the cells, except in case 5
in which approximately 10% of the cells were posi-
tive. LMP1 expression ranged from less than 5% to
approximately 20% of the neoplastic cells. EA-D ex-

pression was found in all tested cases in at most 5%
of the cells. GP350/220 was detected in cases 4 and
5 in approximately 10% of the cells.
When these morphological data were compared

with EBER1/2 RISH, the number of EBNA1-positive
cells was comparable to the number of EBER1/2-
positive cells in two cases, whereas the EBER1/2-
positive cells always outnumbered the number of
cells expressing LMP1, EBNA2, ZEBRA, EA-D, or
GP350/220.

In three cases tested, double-staining procedures
for either EBER1/2 and LMP1, EBNA2 and LMP1,
ZEBRA and LMP1, or EBNA2 and ZEBRA revealed
the presence of at least three subpopulations of
EBV-harboring cells, expressing different subsets of
EBV genes (Table 4): (1) EBER1/2- and EBNA1-
positive cells without staining for LMP1, EBNA2, or
ZEBRA; (2) EBER1/2-, EBNA1-, and LMP1-positive
but EBNA2- (Figure 4) and ZEBRA-negative cells;
and (3) EBER1/2-, EBNA1-, and EBNA2-positive
cells sometimes co-expressing ZEBRA (Figure 6) or
LMP1.

Morphologically the LMP1-positive cells were usu-
ally larger than LMP1-negative cells, except in one
case (4) in which few large cells were present and
LMP1 was detected only in a highly restricted num-
ber of small cells. Although for technical reasons
double stainings with anti-EBNA1 could not be per-
formed, the expression of EBNA1 in the large major-
ity of neoplastic cells in two cases suggests that
EBNA1 is expressed in all cells, including the LMP1-
or EBNA2-positive cells.

Thus, in the three tested PT-LPDs, cells express-
ing the latency type 3 pattern were rarely found.
However, it appeared that cells expressing a re-
stricted latency pattern, resembling type 1 or 2 la-
tency were intermingled with cells expressing imme-
diate early and/or late EBV antigens.

Discussion
Using RT-PCR, we have shown that EBNA1, EBNA2,
LMP1, LMP2A, BARFO, BHRF1, and ZEBRA were
transcribed in all tested PT-LPDs and in the JY and
RAJI cell lines, suggesting the presence of similar
EBV expression patterns in both PT-LPDs and in cell
lines. However, using morphological methods, we
have demonstrated that, in contrast to the homoge-
neous EBV expression pattern found in the JY and
RAJI cell lines, heterogeneous EBV expression pat-
terns are present in PT-LPDs. Using double staining
of RISH and immunohistochemistry, we could dem-
onstrate cells expressing either latency type 1 or
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latency type 2 as well as cells expressing EBV lytic
genes within individual cases. Thus, in contrast to
EBV-positive cell lines, cells expressing latency type
3 were rarely observed. Therefore, the results ob-
tained by RT-PCR, in fact, reflect a mixture of cells
expressing either type 1 or type 2 latency and cells
expressing EBV lytic genes. These data are in agree-
ment with previous reports showing that, in lympho-
mas expressing the latency type 3 pattern, not all
morphologically identifiable tumor cells express ei-
ther EBNA2 or LMP1 and that activation of the virus
lytic cycle frequently occurs in a small minority of
cells 2,5,20,34
RT-PCR analysis revealed dual promoter usage in

both cell lines and PT-LPDs. It was shown that, in the
RAJI cell line, only EBNA1 and BHRF1 transcripts
derived from the C or W promoter were present,
whereas EBNA1- and BHRF1-specific transcripts
generated by both the C or W promoter and the F
and H promoter, respectively, were detected in the
JY cell line, also expressing lytic genes in a small
minority of cells. This is in agreement with a previous
report demonstrating activation of the F promoter
just after expression of the immediate early protein,
ZEBRA.27 The fact that this dual promoter usage for
EBNA1 and BHRF1 was also observed in the five
tested PT-LPDs suggests that, analogous to the JY
cell line, part of the EBV-harboring cells are strictly
latent, with EBNA1 and BHRF1 generated by the C or

W promoter, and part of the cells have entered the
lytic cycle with EBNA1 and BHRF1 generated by the
F and H promoter, respectively. Activation of the C
promoter in all five and W promoter in three PT-LPDs
was confirmed by RT-PCR analysis with primers from
appropriate C and W exons35 (data not shown).
However, this does not exclude the possibility that
EBNA1 and EBNA2 as well as BHRF1 can also be
generated by other, yet unidentified promoters.

In cell lines, double-staining procedures revealed
the presence of a latency type 3 expression pattern
in nearly all cells, intermingled with sporadic LMP1-
negative, ZEBRA-positive cells. In contrast, in the
PT-LPDs, EBNA2-expressing cells were rarely LMP1
positive but were sometimes found to co-express

ZEBRA. As ZEBRA is the first protein to be ex-

pressed in lytic cells,36 co-expression of EBNA2 and
ZEBRA could indicate that EBNA2 expression may

have been present at the time ZEBRA expression
was turned on or that EBNA2 is also expressed
during the EBV lytic cycle. This latter possibility
would be consistent with in vitro data demonstrating
the expression of EBNA2 early in the virus lytic cy-

cle.9 Interestingly, co-expression of LMP1 and
ZEBRA was never observed in EBV-harboring cell

lines or in PT-LPDs, indicating that LMP1 is not con-
sistently expressed during the EBV lytic cycle.

In the majority of EBER1/2-positive cells in the
PT-LPDs, no expression of either EBNA2 or LMP1
was detected. These immunohistochemical data
suggest that these cells display a latency type 1
expression pattern. Consequently, strong Q/U/K-
spliced EBNA1-specific RT-PCR signals would be
expected because, in latency type 1, EBNA1 is gen-
erated by the F promoter.21,22,25 However, stronger
signals were obtained when C or W promoter-
derived transcripts (EBNA1- as well as BHRF1- and
EBNA2-specific transcripts) were analyzed, sug-
gesting a latency type 3 pattern in the majority of
cells. This discrepancy might be explained by two
reports showing that, in latently EBV-infected normal
B lymphocytes, the C promoter is activated with
expression of EBNA1 but without expression of
EBNA2.3537 Thus, a latency-type-i-like expression
pattern can also be associated with C promoter us-
age. To determine whether in these cells EBV gene
expression is indeed restricted to latency type 1 or
whether EBNA2 expression is restricted to a level
below the sensitivity of the antibodies used requires
additional investigation.

In lymphomas induced by injection of EBV-
positive lymphoblastoid cell line cells in SCID mice, a
model that has been shown to be remarkably similar
to human PT-LPDs,38,39 a similar restricted expres-
sion of EBNA2 and LMP1 was observed.39 Reduced
expression of viral antigens was related to plasma-
cytoid differentiation and withdrawal from the cell
cycle.39 Analogous to these data, the smaller, only
EBER1/2- and EBNA1-positive cells in our group of
PT-LPDs could reflect resting, terminally differenti-
ated EBV-harboring cells.
The latency type 2 expression pattern was mainly

detected in large anaplastic cells (Figure 5B), also
expressing the CD30 activation marker (Figure 5A).
Comparable large anaplastic CD30-positive cells
(Reed-Sternberg and Hodgkin cells) present in EBV-
positive cases of Hodgkin's disease display a similar
EBV latency type 2 expression pattern.22'40 Interest-
ingly, LMP1-positive, EBNA2-negative cells could
also be transiently induced in vitro in Burkitt's lym-
phoma-derived cell lines, normally expressing la-
tency type 1, that were stimulated to enter the lytic
cycle.24 Thus, the observed heterogeneous EBV ex-
pression patterns detected in our group of PT-LPDs
could also reflect a dynamic process in which cells
drift between different latency stages with eventual
progression to the lytic cycle. Alternatively, the het-
erogeneous expression patterns could be explained
by the co-existence of several EBV clones. In our
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group of PT-LPDs this could not be excluded, as we
did not perform analysis of EBV clonality. However,
this seems unlikely as it was described recently that
in the majority of PT-LPDs EBV involvement is mono-
clonal.6'7
We conclude that, in contrast to EBV-transformed

lymphoblastoid cell lines and Burkitt's lymphoma cell
lines expressing type 3 latency, the EBV expression
patterns detected by RT-PCR in PT-LPDs is a mixture
of multiple EBV-harboring subpopulations, express-
ing different subsets of EBV-encoded proteins.
These data indicate that the operational definitions of
EBV latencies in vitro cannot easily be applied to
PT-LPDs but that a continuum of different EBV la-
tency expression patterns can be detected at the
single-cell level in these lymphomas, with progres-
sion to the virus lytic cycle in a minority of cells.
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